The Open University's M880 Software Engineering is a postgraduate distance education course aimed at software professionals. The case study element of the course (approximately 100 hours of study) is presented through an innovative interactive multimedia simulation of a s o h a r e house Open Software Solutions (OSS). The student 'joins' OSS as an employee and performs various tasks as a member of the company's project teams. The course is now in its sixth presentation and has been studied by over 1500 students. In this paper, we present the background to the development, and a description of the environment and student tasks.
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Computing Department The Open University Walton Hall Milton Keynes MK7 6AA, UK +441908652694 p.a. v. hall@open. ac.uk not very interactive. In addition, our students would have a lot of text-based material to read, and providing a variety of educational experiences is important.
Educational multimedia products vary considerably in the facilities and sophistication of interaction they provide [2, 41. At its simplest 'interaction' takes the form of "pageturning", i.e. many screens full of text with some method such as a button, of moving between screens. Page turning may be slightly extended by text highlighted as "Hypertext" links. Animations which permit the visualisation of dynamic processes are sometimes included in these texts. However, it is often only possible to set the animation running, and then let it run, e.g. the intemal combustion engine in Encarta 97 Deluxe. We were looking for more sophisticated interaction styles such as "conceptual interaction" [SI, where users do things at a level meaninghl for their learning use.
We wanted students to make choices, and to see the consequences. This would result in situated 171 or anchored [3] learning, making it more motivated and relevant.
The result of these ideas is a simulation of a software house called Open Software Solutions (OSS). The case studies are projects being run by OSS staff and the student 'joins' the company as a new employee and is set to work on the projects. M880 and the CCI Programme M880: Software Engineering is a 60-credit course which forms part of the Computing for Commerce and Industry (CCI) Postgraduate Diploma, a pre-requisite for the associated MSc. As such, it represents 240 hours of study, which students undertake over a six-month period.
The CCI programme is aimed at software professionals and is designed to allow students to continue with hlltime employment while undertaking a postgraduate course of study. Students are sent a pack of course materials to study at their own pace. Each student is assigned to a tutor, who offers support and guidance via telephone or email contact, and marks the assessments. Students are therefore predominantly studying on their own and course material is designed to be self-contained. 2 THE OSS ENVIRONMENT The environment must provide challenging technical tasks in the context of realistically complex software projects, and a company structure which captures something of the human culture within which software is developed. However, as it is an educational exercise, the tasks must be manageable and reasonably self-contained, and the interaction must be engaging. It therefore has similarities with a variety of different kinds of interactive multimedia systems, e.g. real-world task support [ 13, well-defined simulations [IO] and adventure games [SI, but is not like any other system we have come across.
The Architecture
The system has four main components:
1. The central system is developed using Macromedia Director 0.
2. This system links to two CASE tools: SELECT Enterprise0 (for object modelling) and SELECT YourdonO (for entity-relationship modelling). 3. Adobe Acrobat Reader0 is used to view and print large documents. 4. Project prototypes and a simulation. The Company Open Software Solutions itself is a small company which was founded in 1978 to exploit the software development skills of its four founders. Since the company was formed, they have been involved in developing a variety of systems including those with real-time, database management and transaction processing elements. OSS is currently involved in the following projects: CIRCE: Two years ago, OSS were consultants to The Open University to help them develop their own software development method. Now OSS have been invited back to evaluate the method.
0
Production Cell Control System: This project is developing automation software to control an industrial production cell for pressing metal discs.
Summersun: This project concerns the development of a system to help people choose, book and pay for holidays.
Quality Certification: OSS is bidding for a new flight control system development and the client will require them to be registered to BS EN IS0 9001 within a year if they are to win the contract. All of these projects draw on real software systems, and in some cases, actual project documents and recordings of meetings are included. The Screen Layout The screen layout for the environment is illustrated in Figure 1 . The top two thirds shows a 'window' on an OSS project office (in this case, the Production Cell office) through which students can interact with other OSS staff and access project resources. The other third is taken up with a control panel. This panel contains 'quick keys' which take the user directly to the chosen project room, a control button which enables or disables the sound, a speech bubble which can be used to display a summary of the audio, an audio progress display, and a workbook. The buttons below the audio enable/disable button vary depending on the project room, and transport the user to meetings outside OSS offices, such as to interview the client. The workbook is an active document which users take everywhere with them. This can be used to take notes, receive feedback from the project manager, ask questions in interviews, complete evaluation forms and answer questions.
The control panel is visible when the students are in the environment except when one of the 'external' applications such as the CASE tool or the Production Cell simulation is being run. Under these circumstances, the application occupies the whole screen.
Since some of our students may be hard of hearing, or may wish to work in an environment where audio would be inappropriate or inaudible, e.g. on a train, students can choose to have the audio enabled or disabled. If audio is disabled, a summary is displayed in the speech bubble.
OSS Office Layout
Each project within OSS has its own floor in the building, reached via a lift, or using the 'quick keys' in the control panel. The ground floor contains a reception, and the top floor contains a library. On each floor, the perspective of the user is of someone standing in the middle of the room. Moving the cursor to the edge of the screen causes the view of the office to rotate. Each project floor has basically the same layout, and contains the project manager (who provides guidance and feedback), and all the resources necessary to complete the tasks associated with the projects, e.g. books and papers, prototype systems, simulations, access to meetings and so on. Which resources are included depends on the project.
Hotspots
Hotspots are in colour, and when the cursor moves over them it becomes a pointing hand. If the item can be picked up, e.g. to be read, then the cursor becomes an open hand; when the item is 'grabbed', i.e. picked up by clicking the mouse button down, it changes to a fist, and the item can be 'dragged'.
Figure 2 An example client meeting showing the workbook being used for interviewing
The user can interact with each 'live' element within the office in a manner one might expect of their real-world counterparts. For example, the books can be taken from the shelf, and opened for reading; similarly, files can be taken from the filing cabinet and read. The video player will play any videos lying beside it, and the computer can be used to run external software applications, such as CASE tools and prototypes.
Navigation
Although there is a suggested order of projects and tasks, the user is not constrained within the environment; they can go to any project room, look at any resource and perform any task whenever they wish. On entering the environment, the student is in the reception of OSS. The reception contains a noticeboard with a set of photographs and names of other OSS staff, the receptionist Patrick, and the lift. Students can look around reception, 'talk to' Patrick, who welcomes them to OSS, and go up to the project rooms via the lift.
Each project has a project manager who also acts as the student's mentor for the project. He or she provides guidance, explains the tasks and how to achieve them, and offers task feedback.
Feedback
Since this is a learning environment, students require feedback on their performance. Since this is a distance education course, the vast majority of feedback has to be relayed via the system itself, i.e. we cannot rely on the presence of tutors to offer advice, answer queries, provide hints and so on. In general, feedback is offered in the form of sample solutions which have been generated by OSS staff and comments from the project manager justifying it. For example, the students are asked to evaluate the user interface of the CIRCE system by completing an evaluation form. A version of this form completed by the project manager, Bill, is included in the workbook, and students can hear Bill's comments on his entries by clicking on them. In Summer Sun, the project team includes a programmer, so the student can choose to hear a response from the project manager or the programmer; this allows us to expose differing views on software engineering.
The kinds of task a student undertakes varies quite widely from project to project and depends on the opportunities which each case study offers.
The tasks set by OSS project managers are designed to complement the material learned through the text-based materials. For example, students learn the principles of state chart development from the text, together with limited exercises to reinforce learning; they then get a chance to deepen their understanding in the Production Cell project, which stretches their modelling and provides opportunity for alternative application of the technique.
CIRCE
In this project, students must complete an evaluation form for the method OSS helped the OU to develop. To complete the form, students hold a series of interviews with people who were involved in developing CIRCE (Figure 2 ). There are 35 questions which can be asked, and 12 people who could be asked. Students need to exercise their judgement about who to ask which question if they are not to ask all questions of all people. The questions are held in the Workbook, and information about the people is available in the filing cabinet. A second task involves evaluating the user interface of the new system compared with the old system.
The Production Cell
This project is a trial project for OSS to experiment with formal methods. Students are asked to prepare state charts for the three main components of a manufacturing production cell, and then to specify them using the Z notation. Finally there is a discussion about safety properties and whether or not the specifications conform to the system's safety requirements. One resource provided to complete these tasks is a simulation of the production cell (Figure 3) .
Summer Sun
Here, students are involved through almost a complete lifecycle, from requirements gathering through entityrelationship modelling, prototype evaluation and test planning. This involves interviewing members of Summer Sun, using SELECT Yourdon to perform the modelling, and working with Jo (the programmer) to reconcile the entity-relationship model with the prototype. Students do not perform any programming; that is Jo's job.
Figure 3 The Production Cell simulation
Quality Certification OSS are aiming for IS09000 accreditation, and are just beginning to write quality procedures. Students are asked to draft some procedures, under the guidance of Bronwen Davies, the technical director of OSS.
STUDENT AND TUTOR REACTIONS
M880 was a completely new course, so we cannot make sensible comparisons between it and a corresponding paper-based version. However, we have collected feedback on the environment since the course was first delivered, through questionnaires and usability' studies. From informal feedback, the environment itself appears to be viewed favourably, and is seen as easy to use and engaging. Student evaluation of the environment has been mixed and varies from very positive to very negative. Positive aspects include its ease of use, and the inclusion of real case studies. Negative aspects focus on the relevance of the multimedia within the overall course and the amount of time it takes to work through the material. Development of the course and the environment continues and we are addressing the criticisms through better integration with assessment and provision of enhanced supporting documentation.
